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OSCC/II/Dec 	7
10	December	1992

Decision	Number	Seven	
to	the	Treaty	on	Open	Skies

Methodology	for	Determining	the	Ground	Resolution		
of	a	Synthetic	Aperture	Radar	(SAR)

The	States	Part�es	to	the	Treaty	on	Open	Sk�es,	pursuant	to	the	
prov�s�ons	of	Append�x	1	to	Annex	D,	Sect�on	I,	paragraph	4	and	
Annex	D,	Append�x	1,	Sect�on	Ill,	paragraph	5	of	the	Treaty	on	Open	
Sk�es,	have	agreed	as	follows:

Section	I.	Definition	of	Terms

The	follow�ng	defin�t�ons	shall	apply	to	terms	used	�n	th�s	Dec�s�on:

1 	 The	term	“az�muth”	shall	mean	the	d�rect�on	parallel	to	the	a�r-
craft	track 

2 	 The	term	“slant	range”	shall	mean	a	d�stance	perpend�cular	to	
the	a�rcraft	track	�n	the	slant	plane 

3 	 The	term	“�mage”	shall	mean	a	two-d�mens�onal	(slant	range	and	
az�muth)	array	of	processed	radar	ampl�tude	samples 

4 	 The	term	“�n�t�al	phase	data,”	also	known	as	“complex	raw	data”	
or	“rad�oholograms,”	shall	mean	the	data	recorded	by	the	SAR	on	mag-
net�c	med�a	before	the	data	are	processed	to	form	an	�mage 

5 	 The	“radar	cross	sect�on”	(RCS)	of	a	corner	reflector	shall	be	cal-
culated	us�ng	the	formula:

	
p

	

where:

	 RCS	 �s	the	radar	cross	sect�on	�n	square	meters	(m2);

	 a	 	�s	the	length	of	each	�ns�de	edge	of	the	corner	reflector	�n	
meters;	and

	 	 	�s	the	operat�ng	wavelength	of	the	SAR	�n	meters;

RCS	may	be	expressed	�n	dec�bels	(dB)	us�ng	the	follow�ng	formula:

	 	

	

where:	 0	dB	�s	referenced	to	1	m2 
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6 	 The	term	“�mpulse	response”	shall	mean	the	response	of	a	SAR	to	
the	radar	s�gnal	reflected	from	a	tr�hedral	corner	reflector 

7 	 The	term	“ampl�tude”	also	known	as	“the	value	of	the	s�gnal	of	
the	output	of	the	SAR”,	shall	mean	the	square	root	of	the	power	or	
�ntens�ty	of	a	radar	sample 

8 	 The	term	“spat�al	resolut�on”	shall	mean	the	w�dths	�n		
slant	range	and	az�muth	at	0 707	t�mes	the	peak	value	of	the	two-
d�mens�onal	Gauss�an	surface	wh�ch	�s	determ�ned	by	five	radar	sam-
ples	extracted	from	or	close	to	the	ma�n	lobe	of	an	�mpulse	response 

9 	 The	term	“ground	resolut�on”	shall	mean	the	spat�al	resolut�on	
�n	slant	range	and	az�muth,	stated	�n	meters 

10 	 The	term	“sens�t�v�ty	level”	shall	mean	the	radar	s�gnal	g�v�ng	the	
same	ampl�tude	as	the	average	ampl�tude	of	the	output	no�se	from	the	SAR 

11 	 The	term	“saturat�on	level”	shall	mean	the	largest	radar	s�gnal	
whose	ampl�tude	�s	reduced	to	no	less	than	0 707	of	the	ampl�tude	of	
the	�deal	l�near	response	for	a	g�ven	RCS 

12 	 The	term	“dynam�c	range”	shall	mean	the	rat�o	of	the	saturat�on	
level	to	the	sens�t�v�ty	level	of	the	radar	samples	tak�ng	�nto	account	all	
SAR	system	and	record�ng	system	l�m�tat�ons 	The	value	may	be	spec�-
fied	�n	terms	of	dec�bels	us�ng	the	formula:

	 	

	

where:

	 Amax	�s	the	ampl�tude	of	the	saturat�on	level;

	 Am�n	�s	the	ampl�tude	of	the	sens�t�v�ty	level 

13 	 The	term	“spat�al	scal�ng	factor	�n	az�muth”	shall	mean	the	d�s-
tance	�n	meters	�n	az�muth	on	the	ground	between	consecut�ve	radar	
samples 

14 	 The	term	“spat�al	scal�ng	factor	�n	slant	range”	shall	mean	the	
d�stance	�n	meters	�n	the	slant	plane	between	consecut�ve	radar	samples 

15 	 The	term	“s�delobe”	shall	mean	any	value	of	the	radar	return	
found	�n	an	�mpulse	response	wh�ch	l�es	at	a	d�stance	greater	than	1 4	
t�mes	the	spat�al	resolut�on	from	the	pos�t�on	of	the	peak	ampl�tude	of	
the	ma�n	lobe 

16 	 The	term	“peak	s�delobe”	shall	mean	the	largest	s�delobe	found	
�n	the	�mpulse	response 
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17 	 The	term	“�ntegrated	s�delobe	power”	shall	mean	the	total	power	
�n	all	s�delobes	of	an	�mpulse	response	out	to	the	extent	of	the	uncom-
pressed	radar	pulse	�n	both	range	and	az�muth 

18 	 The	term	“�ntegrated	s�delobe	level”	shall	mean	the	square	root	
of	the	rat�o	of	the	�ntegrated	s�delobe	power	of	an	�mpulse	response	to	
the	power	�n	the	ma�n	lobe	of	that	�mpulse	response 

19 	 The	term	“amb�gu�ty	level”	shall	mean	the	square	root	of	the	
rat�o	of	the	peak	power	of	the	br�ghtest	false	target	found	�n	a	radar	
�mage	to	the	peak	power	of	the	true	�mage	of	the	that	target 

Section	II.	Specifications	for	Calibration	Target	Arrays

	 The	follow�ng	spec�ficat�ons	for	cal�brat�on	target	arrays	for	
measur�ng	the	ground	resolut�on	of	a	SAR	dur�ng	cert�ficat�on	or	dem-
onstrat�on	fl�ghts	are	establ�shed	pursuant	to	Append�x	1	to	Annex	D,	
Sect�on	I,	paragraph	4	to	the	Treaty	on	Open	Sk�es 

1 	 �ach	corner	reflector	shall	be	made	of	radar	reflect�ng	mater�al 	
The	three	�ns�de	surfaces	of	the	tr�hedral	shall	be	perpend�cular	to	each	
other 	�ach	corner	reflector	shall	be	constructed	to	an	accuracy	of	two	
m�ll�meters	�n	the	length	of	each	�ns�de	edge,	and	the	better	of	half	a	
degree	�n	angle	between	the	�ns�de	surfaces	or	0 1	t�mes	the	operat�ng	
wavelength	of	the	SAR	across	any	port�on	of	the	aperture 	�ach	corner	
reflector	shall	be	al�gned	w�th�n	plus	or	m�nus	three	degrees	of	the	
perpend�cular	to	the	fl�ght	d�rect�on	and	the	opt�mum	elevat�on	angle	
from	the	hor�zontal	for	the	SAR	whose	resolut�on	�s	be�ng	determ�ned 

2 	 �ach	cal�brat�on	target	array	shall	cons�st	of	a	number	of	tr�hedral	
corner	reflectors	of	var�ous	RCS	arranged	on	a	flat	surface,	for	example,	
short	grass,	concrete	and	asphalt,	wh�ch	prov�des	a	mean	background	
RCS	of	between	–25	and	–30	dB	per	square	meter 	�ach	corner	reflec-
tor	shall	be	pos�t�oned	to	reduce	the	effect	of	mult�path	propagat�on	
of	radar	s�gnals	on	the	RCS	of	the	corner	reflector	to	a	reasonable	level 	
�ach	corner	reflector	shall	be	adjustable	�n	az�muth	and	elevat�on	to	
enable	the	�mag�ng	aspect	to	be	opt�m�zed 	�ach	corner	reflector	shall	
be	located	w�th	respect	to	other	corner	reflectors	�n	the	array	so	as	to	
ensure	that	�ts	radar	shadow	does	not	�nterfere	w�th	the	radar	return	
from	other	corner	reflectors 	�ach	array	shall	be	located	w�th	respect	
to	any	other	array	so	as	to	ensure	that	there	�s	no	�nterference	w�th	the	
radar	returns	from	any	other	array 	There	shall	be	no	obstruct�ons	or	
objects	�n	the	area	surround�ng	the	arrays	wh�ch	could	�nterfere	w�th	
the	radar	return	from	any	corner	reflector	w�th�n	an	array 

3 	 The	cal�brat�on	target	array	to	measure	the	l�near�ty	of	the	
ampl�tude	response	of	a	SAR	to	a	ser�es	of	corner	reflectors	whose	RCS	
�n	dB	�ncreases	�n	a	l�near	fash�on	shall	cons�st	of	at	least	12	�nd�v�dual	
corner	reflectors	placed	�n	a	stra�ght	l�ne 	The	array	shall	be	al�gned	at	
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an	angle	of	45	degrees	to	the	a�rcraft	fl�ght	path 	The	spac�ng	between	
�nd�v�dual	corner	reflectors	shall	be	equal	and	shall	be	between	30	and	
50	meters 	The	RCS	of	�nd�v�dual	corner	reflectors	shall	�ncrease	�n	
equal	�ncrements	of	5	dB	from	a	m�n�mum	of	no	greater	than	–10	dB	
to	a	max�mum	of	no	less	than	45	dB 	The	phys�cal	s�ze	of	each	corner	
reflector	shall	be	opt�m�zed	for	SARs	w�th	operat�ng	wavelengths	of	
between	0 03	and	0 05	meters 

4 	 The	cal�brat�on	target	array	to	measure	the	ground	resolut�on	of	a	
SAR	shall	cons�st	of	9	�nd�v�dual	corner	reflectors	arranged	�n	a	square	�n	
three	rows	of	three 	One	d�agonal	of	the	square	shall	be	perpend�cular	to	
the	a�rcraft	fl�ght	path 	The	spac�ng	between	adjacent	corner	reflectors	�n	
the	array	shall	be	equal	and	shall	be	between	100	and	120	meters 	The	
RCS	of	the	corner	reflectors	�n	the	array	shall	be	equal	and	�n	the	range	
of	15	to	30	dB	and	at	least	40	dB	above	the	effect�ve	background	RCS 	
The	phys�cal	s�ze	of	the	corner	reflectors	shall	be	opt�m�zed	for	SARs	
w�th	operat�ng	wavelengths	of	between	0 03	and	0 05	meters 

Section	III.	Analysis	of	Data	Collected	During	a	Certification	or		
Demonstration	Flight

	 The	follow�ng	procedures	for	the	analys�s	of	data	collected	dur�ng	
a	cert�ficat�on	or	demonstrat�on	fl�ght	are	establ�shed	pursuant	to	Annex	
D,	Append�x	1,	Sect�on	II,	paragraph	5	to	the	Treaty	on	Open	Sk�es 

1 	 The	ground	resolut�on	of	a	SAR	�nstalled	on	an	observat�on	
a�rcraft	shall	be	determ�ned	�n	both	az�muth	and	slant	range	us�ng	data	
collected	from	�mages	of	tr�hedral	corner	reflectors	deployed	�n	arrays	
�n	accordance	w�th	the	spec�ficat�ons	�n	Sect�on	II 

2 	 The	�mpulse	response	shall	be	approx�mated	by	a	smooth�ng	
funct�on	�n	accordance	w�th	the	follow�ng	methodology:

	 (A)	 The	�n�t�al	phase	data	shall	be	recorded	on	magnet�c	med�a 	
A	s�ngle-look	ampl�tude	�mage	of	each	corner	reflector	shall	
be	produced	from	the	�n�t�al	phase	data	us�ng	�mage-forma-
t�on	algor�thms	and	shall	be	stored	on	magnet�c	med�a;

	 (B)	 The	h�ghest	ampl�tude	value	and	two	ampl�tude	values	
e�ther	s�de	of	the	h�ghest	value	�n	both	slant	range	and	
az�muth	wh�ch	may	be	used	to	represent	the	ma�n	lobe	
shall	be	extracted	from	the	�mage	of	the	corner	reflector	to	
form	a	5	element	cross	wh�ch	shall	represent	the	�mpulse	
response	of	the	SAR;

	 (C)	 A	smoothed	ampl�tude	profile	shall	be	constructed	by	
determ�n�ng	the	two-d�mens�onal	Gauss�an	funct�on	wh�ch	
passes	through	the	5	�nd�v�dual	values	obta�ned	�n	para-
graph	2(B);
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	 (D)	 The	smoothed	ampl�tude	profile	obta�ned	from	paragraph	
2(C)	wh�ch	l�es	on	the	l�nes	wh�ch	pass	through	the	or�g�-
nal	radar	samples	closest	to	the	peak	ampl�tude	and	the	
�nd�v�dual	values	obta�ned	�n	paragraph	2(B)	shall	be	plot-
ted	on	hardcopy	and,	opt�onally,	on	a	v�deo	d�splay 	The	
five	radar	samples	e�ther	s�de	of	the	central	value	�n	slant	
range	and	az�muth	shall	also	be	plotted	on	th�s	graph 

3 	 Dur�ng	cert�ficat�on,	the	�mpulse	response	shall	be	�nterpolated	
by	a	�our�er	transform	�n	accordance	w�th	the	follow�ng	methodology,

	 (A)	 A	s�xteen	by	s�xteen	square	of	ampl�tude	values	�n	slant	
range	and	az�muth	centered	on	a	corner	reflector	shall	be	
entered	�nto	a	two-d�mens�onal	array;

	 (B)	 A	two-d�mens�onal	�our�er	transform	shall	be	performed	on	
the	array	obta�ned	from	subparagraph	3(A);

	 (C)	 The	number	of	elements	�n	the	�our�er-transformed	array	
constructed	�n	subparagraph	3(B)	shall	be	expanded	by	s�x-
teen	t�mes	�n	each	d�mens�on	by	�nsert�ng	zero	values	�nto	
the	center	elements	of	th�s	�our�er-transformed	array;

	 (D)	 A	two-d�mens�onal	�nverse	�our�er	transform	shall	be	per-
formed	on	th�s	256	by	256	array;

	 (�)	 The	values	of	ampl�tude	�n	slant	range	and	az�muth	
obta�ned	�n	subparagraph	3(D)	wh�ch	l�e	on	the	l�nes	wh�ch	
pass	through	the	or�g�nal	radar	samples	closest	to	the	peak	
ampl�tude	shall	be	plotted	on	hardcopy	w�th	l�near	�nterpo-
lat�on	between	the	�nterpolated	radar	samples 	The	ampl�-
tudes	of	the	or�g�nal	radar	samples	shall	also	be	plotted	on	
th�s	hardcopy 

4 	 The	ampl�tude	l�near�ty	of	a	SAR	shall	be	determ�ned	us�ng	data	
collected	from	an	�mage	of	at	least	12	corner	reflectors	deployed	�n	a	
l�near	array	�n	accordance	w�th	the	spec�ficat�ons	�n	paragraph	3	of	
Sect�on	II 	The	data	shall	be	analyzed	�n	accordance	w�th	the	follow�ng	
methodology:

	 (A)	 A	smoothed	ampl�tude	profile	of	each	of	the	corner	reflec-
tors	�n	the	l�near	array	that	�s	detectable	�n	the	processed	
�mage	shall	be	constructed	accord�ng	to	the	procedures	
spec�fied	�n	paragraph	2	above;

	 (B)	 The	peak	value	of	each	�mpulse	response	shall	be	deter-
m�ned	from	the	smoothed	ampl�tude	profiles	obta�ned	�n	
subparagraph	4(A);
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	 (C)	 The	peak	ampl�tudes	determ�ned	�n	subparagraph	4(B)	shall	
be	plotted	aga�nst	the	value	of	the	square	root	of	the	RCS	of	
the	assoc�ated	corner	reflector;

	 (D)	 A	stra�ght	l�ne	shall	be	fitted	to	the	l�near	port�on	of	the	
�nd�v�dual	po�nts	plotted	�n	subparagraph	4(C);

	 (�)	 The	graph	obta�ned	�n	subparagraph	4(D)	shall	be	used	to	
calculate	the	sens�t�v�ty	level	and	the	saturat�on	level	of	the	
SAR 

	 (�)	 The	graph	obta�ned	�n	subparagraph	4(D)	shall	be	used	
to	apply	a	correct�on	to	the	l�near�ty	of	the	ampl�tude	
response	of	the	SAR	between	the	calculated	sens�t�v�ty	and	
saturat�on	levels 

5 	 The	spat�al	resolut�on	of	the	SAR	shall	be	determ�ned	us�ng	data	
collected	from	an	�mage	of	the	9	corner	reflectors	deployed	�n	a	square	
�n	accordance	w�th	the	spec�ficat�ons	�n	paragraph	4	of	Sect�on	II 	The	
data	shall	be	analyzed	�n	accordance	w�th	the	follow�ng	methodology,

	 (A)	 A	smoothed	ampl�tude	profile	shall	be	constructed	for	each	
of	the	9	corner	re-flectors	�n	the	array,	�n	accordance	w�th	
the	procedures	spec�fied	�n	paragraph	2	above;

	 (B)	 The	d�stance	between	the	centers	of	the	two	corner	reflec-
tors	at	e�ther	end	of	the	d�agonals	of	the	array	on	the	
ground,	measured	to	an	accuracy	of	no	worse	than	one	
meter	(for	slant	range	w�th	regard	to	�nc�dence	angle),	shall	
be	d�v�ded	by	the	number	of	�ntervals	between	the	corre-
spond�ng	number	of	radar	samples	�n	the	�mage,	to	deter-
m�ne	the	spat�al	scal�ng	factors	�n	slant	range	and	az�muth;

	 (C)	 The	w�dth	of	the	curves	�n	slant	range	and	az�muth	at	the	
level	wh�ch	�s	0 707	t�mes	the	peak	ampl�tude	shall	be	mea-
sured	�n	terms	of	the	d�stance	between	radar	samples	for	each	
smoothed	ampl�tude	profile	obta�ned	�n	subparagraph	5(A);

	 (D)	 The	average	of	the	n�ne	az�muth	values	and	the	average	of	
the	n�ne	slant	range	values	obta�ned	�n	subparagraph	5(C)	
shall	be	converted	to	d�stance	�n	meters	by	mult�ply�ng	by	
the	spat�al	scal�ng	factors	determ�ned	�n	subparagraph	5(B) 

6 	 The	accuracy	of	the	determ�nat�on	of	the	ground	resolut�on	us�ng	
the	Gauss�an	approx�mat�on	�n	paragraph	5	and	the	value	of	the	s�de	
lobes	of	the	full	�mpulse	response	shall	be	determ�ned	us�ng	data	collected	
from	the	�mage	of	one	of	the	9	corner	reflectors	deployed	�n	a	square	�n	
accordance	w�th	the	spec�ficat�ons	�n	paragraph	4	of	Sect�on	II 	The	data	
shall	be	analyzed	�n	accordance	w�th	the	follow�ng	methodology:
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	 (A)	 An	�nterpolated	ampl�tude	profile	shall	be	constructed	for	
one	of	the	9	corner	re-flectors	�n	the	array,	�n	accordance	
w�th	the	procedures	spec�fied	�n	paragraph	3	above;

	 (B)	 The	w�dth	of	the	curves	�n	slant	range	and	az�muth	at	the	
level	wh�ch	�s	0 707	t�mes	the	peak	ampl�tude	shall	be	mea-
sured	�n	terms	of	d�stances	between	radar	samples	for	the	
�nterpolated	ampl�tude	profile	obta�ned	�n	subparagraph	
6(A);

	 (C)	 If	the	average	w�dth	of	the	curves	obta�ned	�n	subparagraph	
5(C)	�s	w�th�n	five	percent	of	the	value	obta�ned	�n	subpara-
graph	6(B),	the	Gauss�an	approx�mat�on	�s	defined	as	be�ng	
a	suffic�ently	accurate	approx�mat�on	for	the	determ�nat�on	
of	spat�al	resolut�on 

	 (D)	 If	the	average	w�dth	of	the	curves	obta�ned	�n	subparagraph	
5(C)	�s	not	w�th�n	five	percent	of	the	value	obta�ned	�n	sub-
paragraph	6(B),	the	�nterpolated	ampl�tude	profile	shall	be	
obta�ned	for	each	of	the	n�ne	corner	reflectors	and	used	to	
calculate	spat�al	resolut�on	�n	accordance	w�th	the	proce-
dures	spec�fied	�n	subparagraphs	5(B)	to	5(D)	above;

	 (�)	 The	max�mum	value	of	the	s�de	lobes	of	the	SAR	shall	be	
determ�ned	from	the	�nterpolated	profile	obta�ned	�n	sub-
paragraph	6(A)	above;

	 (�)	 The	�ntegrated	s�de	lobe	level	shall	be	calculated	from	
manufacturer’s	�nformat�on	prov�ded	by	the	State	Party	
conduct�ng	the	cert�ficat�on;

	 (G)	 The	amb�gu�ty	level	shall	be	calculated	from	manufacturer’s	
�nformat�on	prov�ded	by	the	State	Party	conduct�ng	the	
cert�ficat�on 

7 	 The	ground	resolut�on	of	the	SAR	shall	be	the	spat�al	resolut�on	
�n	meters	�n	slant	range	and	az�muth	obta�ned	from	e�ther	subpara-
graph	5(D)	or	subparagraph	6(D) 

Th�s	Dec�s�on	shall	enter	�nto	force	s�multaneously	w�th	the	
Treaty	on	Open	Sk�es	and	shall	have	the	same	durat�on	as	the	Treaty 

Dec�ded	�n	V�enna,	�n	the	Open	Sk�es	Consultat�ve	Comm�ss�on,	
on	10	December	1992,	�n	each	of	the	s�x	languages	spec�fied	�n	Art�cle	
XIX	of	the	Treaty	on	Open	Sk�es,	all	texts	be�ng	equally	authent�c 




